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Abstract
The significance of new physics appearing in the loop-induced decays of neutral Higgs bosons
into pairs of di-bosons γγ and Zγ will be discussed in the framework of the 3-3-1 models based on
a recent work [1], where the Higgs sector becomes effectively the same as that in the Two Higgs
Doublet models (2HDM) after the first symmetry breaking from SU(3)L scale into the electroweak
scale. For large SU(3)L scale v3 ' 10 TeV, dominant one-loop contributions to the two decay
amplitudes arise from only the single charged Higgs boson predicted by the 2HDM, leading to that
experimental constraint on the signal strength µ331γγ of the Standard model like Higgs boson decay
h→ γγ will result in a strict upper bound on the signal strength µ331Zγ of the decay h→ Zγ. For a
particular model with lower v3 around 3 TeV, contributions from heavy charged gauge and Higgs
bosons may have the same order, therefore may give strong destructive or constructive correlations.
As a by product, deviations from the SM prediction |µ331γγ − 1| ≤ 0.04 still allows |µ331Zγ − 1| to reach
values near 0.1. We also show that there exists an CP-even neutral Higgs boson h03 predicted by
the 3-3-1 models, but beyond the 2HDM, has an interesting property that the branching ratio
Br(h03 → γγ) is very sensitive to the parameter β used to distinguish different 3-3-1 models.
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I. INTRODUCTION
One of the most important channels confirming the existence of the standard model-like
(SM-like) Higgs boson is the loop-induced decay channel h → γγ. Experimentally, the
respective signal strength has been updated recently by ATLAS and CMS [2–4]. There
is another loop-induced decay h → Zγ, which the branching ratio (Br) predicted by the
standard model (SM) is Br(h→ Zγ) = 1.54×10−3±5.7% corresponding to the Higgs boson
mass mh = 125.09 GeV [5, 6]. This decay channel has not been observed experimentally.
The recent upper constraints of the signal strength are µZγ < 6.6 and µZγ < 3.9 from ATLAS
and CMS [7, 8], respectively. In the future project from LHC with its High Luminosity
(HL-LHC) and High Energy (HE-LHC), precision measurements for the signal strengths of
the two decays h→ Zγ and h→ γγ can reach the respective values of µZγ = 1± 0.23 and
µγγ = 1±0.04 for both ATLAS and CMS [9]. In addition, the ATLAS expected significance
to the h→ Zγ channel is hoped to be 4.9 σ with 3000 fb−1.
In theoretical side, the loop-induced decays of the SM-like Higgs boson mentioned above
are important for searching as well as constraining new physics predicted by recent SM
extensions, which are constructed to explain various current experiment data beyond the SM
predictions. In the SM, leading contributions to the amplitudes of both decays h→ γγ, Zγ
are at the one-loop level and relate with W and fermion mediation. On the other hand,
SM extensions usually contain new charged particles including scalar, fermions, and gauge
bosons spin 1. If any of them couple with the SM-like Higgs boson, they will contribute to
the decay amplitude h → γγ from the one-loop level. Normally, these particles also couple
with the SM gauge boson Z, hence give one-loop contributions to the decay amplitude
h→ Zγ too. It seems that the Br of the two decays h→ γγ, Zγ have certain relations that
the recent experimental constraint of µγγ may result in a respective constraint on µZγ.
The theoretical studies of loop effects caused by new particles on the SM-like Higgs decays
including h→ γγ, Zγ have been done recently in many SM extensions such as 2HDM [10, 11],
where a thorough investigation in ref. [10] concerned strong correlations between two signal
strengths µγγ,Zγ. Hence, the experimental data of µγγ can be used as an efficient way to
predict theoretically constraints on the µZγ. In the left-right model, the h → γγ can be
used as an approach to constraint the heavy charged gauge boson masses [12]. While, it
seems that the old result of the decay h → Zγ [13, 14] has not been updated. In a recent
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scotogenic model, new singly and doubly charged Higgs bosons contribute to both loop-
induced decay amplitudes h→ γγ, Zγ [15]. But in this framework, the recent experimental
data of the decay h → γγ predicts a very small |µZγ − 1| < 4%. In Higgs triplet models
[16], the situation is the same where it was pointed out that Br(h→ Zγ) is usually smaller
than Br(h → γγ). Suppressed values of |µZγ − 1| have been shown recently in other Higgs
extensions of the SM [17].
In this work, we will focus on another class of the SM extensions, called the 3-3-1 models,
which are constructed from the gauge group SU(2)C × SU(3)L × U(1)X [18–23]. These
models have many interesting features which cannot be explained in the SM framework, for
example they can give explanations of the existence of three fermion families, the electric
charge quantization [24], the sources of CP violations [25, 26], the strong CP-problem [27–
30]. In general, one of the most important parameters to distinguish different 3-3-1 models
is denoted as β, which defines electric charges of new particles through the following electric
charge operator,
Q = T3 + βT8 +X, (1)
where T3 and T8 are two diagonal generators of the SU(3) group, X is the U(1) charge.
Apart from the popular 3-3-1 models with values of β = ± 1√
3
,±√3, other models with β =
0,± 2√
3
, 1
3
√
3
have been discussed phenomenologically [31–33]. Different phenomenological
aspects in models with arbitrary β were also discussed [34–41]. As we will see, the model
contains nine electroweak gauge bosons, four of them are identified as the SM-like particles.
The remaining include one heavy neutral gauge boson Z ′ and the two pairs of charged gauge
bosons. Popularly, all particles get masses from three Higgs SU(3)L triplets, including a
neutral CP-even Higgs component with a large expectation vacuum value (vev) v3 that
results in heavy masses of the SU(3)L particles. The three Higgs triplets also contain new
charged Higgs bosons that may contribute to the amplitudes of the loop-induced decays of
neutral Higgs bosons, including the SM-like one. Correlations among these Higgs and gauge
contributions will predict the allowed regions of the parameter space that satisfy the current
experimental data of h → γγ. It is interesting to estimate how large of the allowed values
of µZγ can be.
The decay h → γγ was mentioned in some particular 3-3-1 models for constraining the
parameter space [42, 43]. Both h → γγ, Zγ were also mentioned previously in the 3-3-1
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models, but some nontrivial contributions to the amplitude of the decay h → Zγ were
not included [34, 35]. In this work, we will study effects of heavy particles predicted by
the 3-3-1 models on the two decays of the SM-like Higgs bosons h → γγ, Zγ and the
correlations between two corresponding signal strengths resulting from these effects. We
will use more general analytic formulas of one-loop contribution to the decay amplitude
h→ Zγ introduced recently [44, 45]. For simplicity in calculating the physical states of the
neutral CP-even Higgs bosons, the Higgs potential of the 3-3-1 models will be considered as
an effective 2HDM after the first breaking step SU(3)L × U(1)X → SU(2)L × U(1)Y . This
form of the Higgs potential was mentioned in details in ref. [1] for studying a 3-3-1 model
with β = −1/√3. This Higgs potential can be applied to a general 3-3-1 model keeping β
as a free parameter, as we will present. This model will be denoted as the 331β in our work.
This can be seen by the fact that two 3-3-1 Higgs triplets have components the same as those
appear in the 2HDM. The physical states of neutral Higgs bosons then can be determined
exactly at the tree level. The Higgs sector predicted by 2HDMs can be collected, so that
the recent theoretical constraint on the Higgs sector of 2HDM [46] can also be included to
constrain the parameter space. The property that the 2HDM is contained in the 331β were
concerned previously [39].
On the other hand, the 331β contains another heavy neutral Higgs boson that does not
couple with the SM particle, except the SM-like Higgs boson. Hence, if it is the lightest
particle among those beyond the SM, the main decay channels of this particle are the tree
level decay in a pair of SM-like Higgs boson and loop-induced decays to pairs of gluons
and bosons γγ, Zγ. An investigation to determine which decay channels can be used to
distinguish different 3-3-1 models will also be presented.
Our work is arranged as follows. Section II summarizes contents of the 3-3-1 models
investigated in this work. All couplings and analytic formulas needed for calculating the Brs
and signal strengths of the h, h03 → γγ, Zγ are presented in Section III. Numerical results
are shown in Section IV. Important remarks and inclusions are pointed out in Section V.
Finally, there are three appendices listing more detailed calculations on couplings, particular
analytic formulas for one-loop contributions of different particles to the decay amplitudes of
h, h03 → γγ, Zγ, and interesting numerical illustrations.
5
II. 3-3-1 MODEL WITH ARBITRARY β
A. The model review
In this section, we summarize all fermions and Higgs bosons. Left-handed leptons and
right-handed leptons are assigned to SU(3)L anti-triplets and singlets:
L′aL =

e′a
−ν ′a
E ′a

L
∼
(
1 , 3∗ ,−1
2
+
β
2
√
3
)
, a = 1, 2, 3,
e′aR ∼ (1 , 1 ,−1) , ν ′aR ∼ (1 , 1 , 0) , E ′aR ∼
(
1 , 1 ,−1
2
+
√
3β
2
)
, (2)
where in the parentheses present the representations and the hypercharge X of the gauge
groups SU(3)C , SU(3)L and U(1)X , respectively. The model includes three right handed
(RH) neutrinos ν ′aR and heavy exotic leptons E
′a
L,R.
The quark sector is arranged to guarantee for anomaly cancellation, namely
Q′iL =

u′i
d′i
J ′i

L
∼
(
3, 3 ,
1
6
− β
2
√
3
)
, Q′3L =

d′3
−u′3
J ′3

L
∼
(
3, 3∗ ,
1
6
+
β
2
√
3
)
, (3)
u′aR ∼
(
3, 1 ,
2
3
)
, d′aR ∼
(
3, 1 ,
−1
3
)
,
J ′iR ∼
(
3, 1 ,
1
6
−
√
3β
2
)
, J ′3R ∼
(
3, 1 ,
1
6
+
√
3β
2
)
, (4)
where i = 1, 2, a = 1, 2, 3, and JaL,R are exotic quarks predicted by the 331β model. There
is another arrangement that the model contains three left-handed lepton triplets, one quark
triplet and two other quark anti-triplets. But, it was shown that the two arrangements are
equivalent in the sense that they predict the same physics [47, 48].
To generate masses for gauge bosons and fermions, three scalar triplets are introduced as
follows
χ =

χ+A
χ+B
χ0
 ∼
(
1, 3 ,
β√
3
)
, ρ =

ρ+
ρ0
ρ−B
 ∼
(
1, 3 ,
1
2
− β
2
√
3
)
,
6
η =

η0
η−
η−A
 ∼
(
1, 3 ,−1
2
− β
2
√
3
)
, (5)
where A,B denote electric charges defined in Eq. (1). These Higgses develop vacuum ex-
pectation values (VEV) defined as 〈χ0〉 = v3√
2
, 〈ρ0〉 = v2√
2
, 〈η0〉 = v1√
2
, leading to
χ0 =
v3 + r3 + ia3√
2
, 〈ρ0〉 = v2 + r2 + ia2√
2
, 〈η0〉 = v1 + r1 + ia1√
2
. (6)
The symmetry breaking happens in two steps: SU(3)L ⊗ U(1)X v3−→ SU(2)L ⊗ U(1)Y v1,v2−−−→
U(1)Q. It is therefore reasonable to assume that v3 > v1, v2. At the second breaking step, ρ
and η play roles of the two SU(2)L doublets similar to 2HDM, except differences in coupling
with fermions. Masses and physical states of all particles are summarized as follows.
B. Fermions
Masses and physical states of the fermion relating with the Yukawa interactions. The
respective Lagrangian for leptons and quark is
LYlepton = −Y eabL′aLη∗e′bR − Y νabL′aLρ∗ν ′bR − Y EabL′aLχ∗E ′bR + h.c., (7)
LYquark = −Y diaQ′iLρd′aR − Y d3aQ′3Lη∗d′aR − Y uiaQ′iLηuaR − Y u3aQ′3Lρ∗u′aR
− Y JijQ′iLχJ ′jR − Y J33Q′3Lχ∗J ′3R + h.c., (8)
We note that in some particular values of β, additional terms may appear but a Z2 symmetry
can be imposed to exclude them, see an example given in ref. [1] with the same Yukawa
Lagrangian of quarks.
As mentioned above, the SM-like fermions get masses from couplings with two Higgs
bosons η and ρ, similarly to the 2HDM. On the other hand, the up (down) quarks couple
to both Higgs triplets, leading to a different feature from four popular types of 2HDM, see
for example [49], where all up (down) quarks couple to the same Higgs doublet in order to
avoid tree level flavor changing neutral currents (FCNCs). As a result, many interesting
properties relating with the fermion coulings were pointed out to distinguish 3-3-1 models
and 2HDMs [1].
The exotic fermions couple to only χ, implying that only the neutral Higgs component
χ0 couple to these fermions, as we will see below. The neutral Higgs sector in ref. [1] has a
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property that the χ0 does not contribute to the SM-like Higgs boson. As a by product, the
SM-like Higgs boson decouples with all exotic fermions, hence they do not contribute to the
one-loop decay amplitudes h→ γγ and h→ Zγ.
The SM fermion masses are determined based on discussions in refs. [1, 36, 50], where the
mixing between quarks are safely ignored in this work. The mass matrices of all fermions
are then diagonal. Now, all of the original fermion states are the physical, hence we will
denote them by eaL,R, uaL,R and daL,R. The fermion masses are given as follows:
mea =
Y eaav1√
2
, mui =
Y uii v1√
2
, mdi =
Y diiv2√
2
, mu3 = −
Y u33v2√
2
, md3 =
Y d33v1√
2
, mFa =
Y Faav3√
2
, (9)
where Y fab = 0 ∀a 6= b, f = e, u, d, J, E and F = J,E. The relarions (9) will be used to
determine Feynman rules of Yukawa couplings in Lagrangians (7) and (8).
C. Gauge bosons
The model contains nine electroweak (EW) gauge bosons corresponding to the 9 gen-
erators of the EW gauge group SU(3)L ⊗ U(1)X . The covariant derivative is defined as 1
[34, 36, 50],
Dµ ≡ ∂µ − igT aW aµ − igXXT 9Xµ, (10)
where T 9 = 1/
√
6, g and gX are coupling constants of the two groups SU(3)L and U(1)X ,
respectively. The matrix W aT a, where T a = λa/2 corresponding to a triplet representation,
is
W aµT
a =
1
2

W 3µ +
1√
3
W 8µ
√
2W+µ
√
2Y +Aµ√
2W−µ −W 3µ + 1√3W 8µ
√
2V +Bµ√
2Y −Aµ
√
2V −Bµ − 2√3W 8µ
 , (11)
where we have defined the mass eigenstates of the charged gauge bosons as
W±µ =
1√
2
(
W 1µ ∓ iW 2µ
)
, Y ±Aµ =
1√
2
(
W 4µ ∓ iW 5µ
)
, V ±Bµ =
1√
2
(
W 6µ ∓ iW 7µ
)
, (12)
and A,B are electric charges of the corresponding gauge bosons calculated based on Eq. (1),
A =
1
2
+ β
√
3
2
, B = −1
2
+ β
√
3
2
. (13)
1 This definition is different from Ref. [1] by T 9.
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We note that B is also the electric charge of the new leptons Ea.
The symmetry breaking happens in two steps: SU(3)L⊗U(1)X v3−→ SU(2)L⊗U(1)Y v1,v2−−−→
U(1)Q, corresponding to the following transformation of the neutral gauge bosons form the
original basis to the final physical one: Xµ, W
3
µ , W
8
µ
θ331−−→ Bµ, W 3µ , Z ′µ θW−−→ Aµ, Zµ, Z ′µ θ−→
Aµ, Z1µ, Z2µ. After the first step, five gauge bosons will be massive and the remaining
four massless gauge bosons can be identified with the before-symmetry-breaking SM gauge
bosons. The two physical states Z1,2 are mixed from the SM and heavy gauge bosons Zµ
and Z ′µ.
It is well-known that
g2 = g, g1 = gX
g√
6g2 + β2g2X
, (14)
where g2 and g1 are the two couplings of the SM corresponding to the gauge groups SU(2)L
and U(1)Y , respectively. Using the weak mixing angle defined as tW = tan θW = g1/g2 and
we denote sW = sin θW , it is derived that
g2X
g2
=
6s2W
1− (1 + β2)s2W
=
6s2W
c2W (1− β2t2W )
, (15)
which gives a constraint |β| ≤ √3 used in the numerical analysis.
The masses of the charged gauge bosons are
m2Y ≡ m2Y ±A =
g2
4
(v23 + v
2
1), m
2
V ≡ m2V ±B =
g2
4
(v23 + v
2
2), m
2
W ≡ m2W± =
g2
4
(v21 + v
2
2).(16)
The matching condition with the SM give v2 ≡ v21 + v22 ' 246 [GeV2]. Based on Refs.
[41, 50], the ratios between VEVs are used to define three mixing parameters as follows
sij ≡ vi√
v2i + v
2
j
, cij ≡
√
1− s2ij, tij ≡ tan βij =
sij
cij
, (17)
where i < j and i, j = 1, 2, 3.
The model predicts three neutral gauge bosons including the massless photon. Defining
[50]
s331 ≡ sin θ331 =
√
6g√
6g2 + β2g2X
=
√
1− β2t2W , c331 ≡ cos θ331 = βtW , (18)
the relation between the original and physical base of the neutral gauge bosons are
Xµ
W 3µ
W 8µ
 =

s331 0 c331
0 1 0
c331 0 −s331


cW −sW 0
sW cW 0
0 0 1


1 0 0
0 cθ −sθ
0 sθ cθ


Aµ
Z1µ
Z2µ
 = C

Aµ
Z1µ
Z2µ
 ,
9
C =

s331cW , (−s331sW cθ + c331sθ) , (s331sW sθ + c331cθ)
sW , cW cθ, −sθcw
c331cW , − (c331sW cθ + s331sθ) , (c331sW sθ − s331cθ)
 , (19)
where in the limit v2  v23, the mixing angle θ is determined as [41]
sθ ≡ sin θ =
(
3β
s2W
c2W
+
√
3(t221 − 1)
t221 + 1
)√
1− β2t2Wv2
4cWv33
, (20)
and M2Z′ = g
2v23/(3s
2
331) +O(v2).
To continue, the neutral gauge bosons will be identified as Z1 ≡ Z and Z2 ≡ Z ′, where
Z is the one found experimentally.
D. Higgs bosons
The scalar potential is
Vh = µ
2
1η
†η + µ22ρ
†ρ+ µ23χ
†χ+ λ1
(
η†η
)2
+ λ2
(
ρ†ρ
)2
+ λ3
(
χ†χ
)2
+ λ12(η
†η)(ρ†ρ) + λ13(η†η)(χ†χ) + λ23(ρ†ρ)(χ†χ)
+ λ˜12(η
†ρ)(ρ†η) + λ˜13(η†χ)(χ†η) + λ˜23(ρ†χ)(χ†ρ)−
√
2f
(
ijkη
iρjχk + h.c.
)
. (21)
The minimum conditions of the Higgs potential can be found easily [36, 50]. After that, we
can take µ2i as functions of other independent parameters then insert them into the Higgs
potential (21) to determine the masses and physical states of all Higgs bosons.
The relations between original and mass eigenstates of charged Higgs bosons are [36, 50]: φ±W
H±
 = R(β12)
 ρ±
η±
 , mφW = 0, m2H± = λ˜12v22 + fv32s12c12 , (22) φ±AY
H±A
 = R(β13)
 χ±A
η±A
 , mφY = 0, m2H±A =
(
λ˜13
2
+
f
t12v3
)(
v21 + v
2
3
)
, (23)
 φ±BV
H±B
 = R(β23)
 χ±B
ρ±B
 , mφV = 0, m2H±B =
(
λ˜23
2
+
t12f
v3
)(
v22 + v
2
3
)
, (24)
where we have define a rotation R(x) as
R(x) ≡
 cx −sx
sx cx
 . (25)
10
The massless states φ±W , φ
±A
Y , and φ
±B
V are goldstone bosons absorbed by the physical gauge
bosons.
For neutral Higgs bosons, to avoid the tree level contribution of SM-like Higgs bosons to
the flavor changing neutral currents (FCNC) in the quark sector, we follow the aligned limit
introduced in Ref. [1], namely
f = λ13t12v3 =
λ23v3
t12
. (26)
As a result, we will choose f and λ23 as functions of the remaining. This leads to the following
form of the CP-even neutral squared mass matrix corresponding to the basis (r1, r2, r3):
M2r =

2λ1s
2
12v
2 + λ13v
2
3 t12 (λ12c
2
12v
2 − λ13v23) 0
t12 (λ12c
2
12v
2 − λ13v23) 2c212λ2v2 + t212λ13v23 0
0 0 s212λ13v
2 + 2λ3v
2
3
 . (27)
As a result, r3 ≡ h03 is a physical CP-even neutral Higgs boson with mass m2h03 = λ13s
2
12v
2 +
2λ3v
2
3. The sub-matrix 2×2 in Eq. (27) is denoted as M ′2r , which is diagonalized as follows [1],
R(α)M ′2r R
T (α) = diag(m2h01
,m2h02
), (28)
where
α ≡ β12 − pi
2
+ δ, (29)
tan 2δ =
2M212
M222 −M211
∼ O
(
v2
v23
)
, (30)
m2h01
= M211 cos
2 δ +M222 sin
2 δ −M212 sin 2δ, (31)
m2h02
= M211 sin
2 δ +M222 cos
2 δ +M212 sin 2δ, (32)
M211 = 2
(
s412λ1 + c
4
12λ2 + s
2
12c
2
12λ12
)
v2 = O(v2),
M212 =
[−λ1s212 + λ2c212 + λ12(s212 − c212)] s12c12v2 = O(v2),
M222 = 2s
2
12c
2
12 [λ1 + λ2 − λ12] v2 +
λ13v
2
3
c212
.
We also have  r1
r2
 = RT (α)
 h01
h02
 . (33)
To determine the SM-like Higgs boson, we firstly look at the Eq. (30), which give δ =
O(v2
v23
) ' 0 when v2  v23. In this limit, m2h = M211 + v2 × O(v
2
v23
) ∼ M211 while m2h02 =
11
M222 + v
2×O(v2
v23
) 'M222. Hence, h01 ≡ h is identified with the SM-like Higgs boson found at
LHC. Furthermore, in the following calculation we will see more explicitly that the couplings
of this Higgs boson are the same as those given in the SM in the limit δ → 0.
From the constant trace of the squared mass matrix, the λ13 can be written as
λ13 =
c212
v23
[
m2h01
+m2h02
− 2v2 (s212λ1 + c212λ2)] . (34)
We will choose δ, mh01 and mh02 as input parameters. The λ13, λ12 and λ2 are dependent
parameters, namely
λ2 = t
4
12λ1 +
− [c2δ(t212 − 1) + t12s2δ]m2h01 + [s
2
δ(1− t212) + s2δt12]m2h02
2c212v
2
,
λ12 = −2t212λ1 +
(s2δ + 2t12c
2
δ)m
2
h01
+ (−s2δ + 2t12s2δ)m2h02
2s12c12v2
, (35)
and λ13 was given in Eq. (34).
The Higgs self couplings should satisfy all constraints discussed recently to guarantee the
vacuum stability of the Higgs potential [51], the pertubative limits, and the positive squared
masses of all Higgs bosons. We note that in the case of absence the relations in Eq. (26),
the mixing between SM-like Higgs bosons with other heavy neutral Higgs still suppressed
due to large v3 > 5 TeV enoungh to cancel the FCNCs in 3-3-1 models [52].
III. COUPLINGS AND ANALYTIC FORMULAS INVOLVED WITH LOOP-
INDUCED HIGGS DECAYS
A. Couplings
From the above discussion on the Higgs potential, we can derive all Higgs self-couplings
of the SM-like Higgs boson relating to the decays h→ Zγ and h→ γγ, using the interacting
Lagrangian LhHH = −Vh. The Feynman rules are given in Table I, where each factor −iλhss
corresponds to a vertex hss, where s = H±, H±A, H±B.
Based on the Yukawa Lagrangians (7) and (8), the couplings of the SM-like Higgs boson
with SM fermions can be determined, see also in table I, where we have used the relation (29).
The notation of the Feynman rule is −i (Yhf¯fLPL + Yhf¯fRPR) for each vertex hf¯f . For SM
lepton in this case, we always have Yf¯fL = Yf¯fR, which are given in table II. Both neutral
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Vertex Coupling: −iλhss
−iλhH+H− iv
[
2s12c12 (−λ1c12 cα + λ2s12 sα) +
(
sαc
3
12 − cαs312
)
λ12 − cδλ˜12
]
−iλhHAH−A ic213
{
v
[
sαc12
(
λ12 + t
2
13λ23
)− cαs12 (2λ1 + t213(λ13 + λ˜13))]+ v3t13 (2fsαv3 − cαλ˜13)}
−iλhHBH−B ic223
{
v
[
sαc12
(
2λ2 + t
2
23(λ23 + λ˜23)
)
− cαs12
(
λ12 + t
2
23λ13
)]
+ v3t23
(
sαλ˜23 − 2fcαv3
)}
TABLE I: Feynman rules for the SM-like Higgs boson couplings with charged Higgs bosons
−iYheaeaL,R −iYhuiuiL,R −iYhu3u3L,R −iYhdidiL,R −iYhd3d3L,R
−imeav
(
cδ − sδt12
)
−imuiv
(
cδ − sδt12
)
−imu3v (cδ + t12sδ) −i
mdi
v (cδ + t12sδ) −i
md3
v
(
cδ − sδt12
)
TABLE II: Yukawa couplings of the SM-like Higgs boson
CP-even Higgs bosons h and h02 do not couples to exotic fermion in the aligned limit (26).
In contrast, h03 couple only to the exotic fermions, while do not couple with the SM ones.
The couplings of Higgs and gauge bosons are contained in the covariant kinetic terms of
the Higgs bosons
LHkin = (Dµχ)† (Dµχ) + (Dµρ)† (Dµρ) + (Dµη)† (Dµη)
→ghvvgµνhv−QµvQν ,
− ig∗hsvv−Qµ
(
s+Q∂µh− h∂µs+Q
)
, ighsvv
Qµ
(
s−Q∂µh− h∂µs−Q
)
,
igZssZ
µ
(
s−Q∂µsQ − sQ∂µs−Q
)
, igZvsZ
µvQνs−Qgµν , ig∗ZvsZ
µv−QνsQgµν ,
ieQAµ
(
s−Q∂µsQ − sQ∂µs−Q
)
, (36)
where s = H±, H±A, H±B. From the second line we list the relevant terms contributing to
the decays h → Zγ, γγ. The corresponding Feynman rules are shown in Table III, where
∂µh → −ip0µh and ∂µs±Q → −ip±µs±Q and the relation (29) was used. The notations p0,
p± are incoming momenta.
Vertex Coupling: Vertex Coupling
ghW+W− gmW cδ ghY +AY −A gmW cαs12
ghV +BV −B −gmW sαc12 ghH−W+ g sδ2
ghH−AY A −g c13cα2 ghH−BV B g c23sα2
TABLE III: Feynman rules for couplings of the SM-like Higgs boson to Higgs and gauge bosons.
The Feynman rules of couplings of Z to charged Higgs and gauge boson in (36) are given
13
in table IV.
Vertex Coupling
gZH+H−
g
2cW
(
cθ c2W +
sθ[
√
3c2W (1−2s212)+3βs2W ]
3cW
√
1−β2t2W
)
gZHAH−A
g
2cW
(
cθ
[
s213 − (1 +
√
3β)s2W
]
+
sθ[
√
3c2W (s
2
13−2)+3β(
√
3β+c213)s
2
W ]
3cW
√
1−β2t2W
)
gZHBH−B
ig
2cW
(
−cθ
[
s223 + (
√
3β − 1)s2W
]
+
sθ[
√
3c2W (s
2
23−2)+3β(
√
3β−c223)s2W ]
3cW
√
1−β2t2W
)
gZW+H− −gmW (2s12c12sθ)√3(1−β2t2W )
gZY AH−A ,
g2c13
4
{
cθcW
[
s12
(
1 + (2 +
√
3β)t2W
)
v + t13(1−
√
3βt2W )v3
]
gZY −AHA +
sθ
3
√
1−β2t2W
[
s12
(√
3− 3β(2 +√3β)t2W
)
v +
√
3t13
(
1 + 3β2t2W
)
v3
]}
gZV BH−B ,
g2c23
4
{
cθcW
[
c12
(−1 + (−2 +√3β)t2W ) v − t23(1 +√3βt2W )v3]
gZV −BHB +
sθ
3
√
1−β2t2W
[
c12
(√
3− 3β(−2 +√3β)t2W
)
v +
√
3t23
(
1 + 3β2t2W
)
v3
]}
TABLE IV: Feynman rules of couplings with Z and photon. Notations p+ and p− are incoming
momenta.
The couplings of Z and photon Aµ with fermions arise from the covariant kinetic of
fermion:
Lfkin =
3∑
a=1
(
LaLγ
µDµLaL + νaRγ
µ∂µνaR + eaRγ
µDµeaR + EaRγ
µDµEaR
)
+
3∑
a=1
(
QaLγ
µDµQaL + uaRγ
µDµuaR + daRγ
µDµdaR + JaRγ
µDµJaR
)
⊃
∑
f
[
g cθ
cW
fγµ
(
gfLPL + g
f
RPR
)
fZµ + eQffγ
µfAµ
]
, (37)
where f runs over all fermions in the 3-3-1β model, Qf is the electric charge of the f . Values
of gfL,R are shown in table V.
The couplings of three gauge bosons arise from the covariant kinetic Lagrangian of the
non-Abelian gauge bosons:
LgD = −
1
4
8∑
a=1
F aµνF
aµν , (38)
where
F aµν = ∂µW
a
ν − ∂νW aµ + g
8∑
b,c=1
fabcW bµW
c
ν , (39)
14
f gfL g
f
R
ea −12 + s2W +
tθ cW (1−
√
3βt2W )
2
√
3(1−β2t2W )
s2W
(
1− tθ β
cW
√
1−β2t2W
)
ui
1
2 − 23s2W +
tθ cW (βt
2
W−
√
3)
6
√
1−β2t2W
−23s2W
(
1− tθ β
cW
√
1−β2t2W
)
u3
1
2 − 23s2W +
tθ cW (βt
2
W+
√
3)
6
√
1−β2t2W
−23s2W
(
1− tθ β
cW
√
1−β2t2W
)
di −12 + 13s2W +
tθcW (βt
2
W−
√
3)
6
√
1−β2t2W
1
3s
2
W
(
1− tθ β
cW
√
1−β2t2W
)
d3 −12 + 13s2W +
tθcW (βt
2
W+
√
3)
6
√
1−β2t2W
1
3s
2
W
(
1− tθ β
cW
√
1−β2t2W
)
TABLE V: Couplings of Z with fermions
fabc (a, b, c = 1, 2, ..., 8) are structure constants of the SU(3) group. They are defined as
LgD →− gZvvZµ(p0)v+Qν(p+)v−Qλ(p−)× Γµνλ(p0, p+, p−),
− eQAµ(p0)v+Qν(p+)v−Qλ(p−)× Γµνλ(p0, p+, p−), (40)
where Γµνλ(p0, p+, p−) ≡ gµν(p0 − p+)λ + gνλ(p+ − p−)µ + gλµ(p− − p0)λ, and v = W,V, Y .
We pay attention on the quartic couplings of the Z and photon with charged gauge bosons.
The involving couplings of Z are given in table VI. These triple couplings were also given in
Vertex Coupling
−igZW+νW−λ −igcW cθ
−igZY AY −A ig2
[
cθ
(−cW +√3βsW tW )+ sθ√3− 3β2t2W ]
−igZV BY −B ig2
[
cθ
(
cW +
√
3βsW tW
)
+ sθ
√
3− 3β2t2W
]
TABLE VI: Feynman rules for triple gauge couplings relating with the decay h→ Zγ, γγ.
ref. [34, 53] in the limit θ = 0.
B. Partial decay widths and signal strengths of the SM-like Higgs decays h →
Zγ, γγ
In the unitary gauge, the above couplings generate one-loop three point Feynman dia-
grams to the decay amplitude of the SM-like Higgs boson h→ Zγ given in Fig. 1.
The partial decay width is [44, 54]
Γ(h→ Zγ) = m
3
h
32pi
×
(
1− m
2
Z
m2h
)3
|F21|2, (41)
15
FIG. 1: One-loop three-point Feynman diagrams contributing to the decay h→ Zγ in the unitary
gauge, where fi,j are the SM leptons, si,j = H
±, H±A, H±B, vi,j = W±, Y ±A, V ±B.
where the scalar factors F21 and F5 were mentioned previously for specific one-loop diagrams
[44, 54]. More general formulas were given in Ref. [45], leading the following expression
F 33121 =
∑
f
F 33121,f +
∑
s
F 33121,s +
∑
v
F 33121,v +
∑
{s,v}
(
F 33121,vss + F
331
21,svv
)
. (42)
We note that F 33121,vss and F
331
21,svv were not included in previous works [34, 35].
The detailed analytic formulas of particular expressions are given in appendix B. The
partial decay width of the decay h→ γγ can be calculated as [44, 45]
Γ(h→ γγ) = m
3
h
64pi
× |F 331γγ |2, (43)
where
F 331γγ =
∑
f
F 331γγ,f +
∑
s
F 331γγ,s +
∑
v
F 331γγ,v. (44)
The detailed analytic formulas of particular expressions are given in appendix B.
To determine the Br of a SM-like Higgs decay, we need to know the total decay width.
In the SM, this quantity is sum of the five channels, namely [5, 6]
ΓSMh =
∑
q 6=t
ΓSM(h→ q¯q) +
∑
`=e,µτ
ΓSM(h→ `+`−) + ΓSM(h→ WW ∗) + ΓSM(h→ ZZ∗)
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+ ΓSM(h→ γγ) + ΓSM(h→ Zγ) + ΓSM(h→ gg), (45)
where the particular values of partial decay widths are well-known with Higgs boson mass of
125.09 GeV found experimentally [55]. The Br of a particular decay channel h→ X, where
X = gg, γγ, Zγ, is:
BrSM(h→ X) ≡ Γ
SM(h→ X)
ΓSMh
. (46)
The numerical values are given in table VII [5, 6], where the diphoton decay is consistent
with that used in ref. [4], Br(h → γγ) = (2.27 ± 0.07) × 10−3. The recent gobal signal
bb¯ τ+τ− µ+µ− cc¯ gg γγ Zγ WW ZZ ΓSMh (GeV)
0.5809 0.06256 2.171× 10−4 0.02884 0.0818 0.00227 0.001541 0.2152 0.02641 4.10× 10−3
TABLE VII: Branching ratios of the SM Higgs boson decays with mass of 125.09 GeV.
strength found experimentally by ATLAS is µγγ = 0.99± 0.14 [4]2.
The total decay width of the SM-like Higgs boson predicted by the 331β is computed
based on the deviations of Higgs coupling with fermions and gauge bosons between the two
models SM and 331β, as given in tables I and III. The result is
Γ331h = 0.6725
(
cδ − sδ
t12
)2
ΓSMh
+ c2δ
0.2152 +(1− 2cθsθcW√
1− β2t2W
(
βt2W +
s12cα + c12sα√
3cδ
))2
0.02641
ΓSMh
+ Γ331(h→ γγ) + Γ331(h→ Zγ) + Γ331(h→ gg). (47)
There are three loop-induced decays h→ γγ, Zγ, gg. The SM-like Higgs boson does not
couple with the exotic quarks in the 331β, we can consider only the top quark contribution
to the loop contributing to the decay h→ gg. This results in
Γ331(h→ gg) = (cδ + t12sδ)2 ΓSM(h→ gg), (48)
where the deviation comes from the htt¯ coupling listed in table I. This is consistent with
recent investigation for h→ γγ in a 3-3-1 model [43].
2 This value gives the same numerical discussion with that reported in [86, 87].
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The branching ratio of a SM-like Higgs boson decay h→ X with X = γγ, Zγ is
Br331(h→ X) ≡ Γ
331(h→ X)
Γ331h
. (49)
Many experimental measurements for the SM-like Higgs boson were reported in ref. [56].
We also consider the SM-like Higgs production through the gluon fusion process ggF at
LHC. The respective signal strength predicted by 331β is defined as:
µ331ggF ≡
σ331(gg → h)
σSM(gg → h) ' (cδ + t12sδ)
2 , (50)
where the last value comes from our assumption that only the main contribution from top
quark in the loop is considered. The signal strength of an individual decay channel is
µ331X ≡ (cδ + t12sδ)2 ×
Br331(h→ X)
BrSM(h→ X) . (51)
The recent signal strengths of the two loop-induced decays are µγγ = 0.99 ± 0.14 [4] and
µZγ < 6.6(5.2) [7, 55].
C. Decays of the neutral Higgs boson h03
In the above discussion we derive only couplings that contribute to the one-loop ampli-
tudes of the two SM-like Higgs decay channels h→ γγ, Z γ. Other interesting couplings are
listed in the appendix A. Here we stress a very interesting property of the heavy neutral
Higgs boson h03 that it has only one non-zero coupling with two SM particles, namely only
λh2h03 6= 0 hence, if mh03 < 2mh01 , it may be stable, consequently may be a DM candidate.
But, we should pay attention to the loop-induced decays such as h03 → γγ, gg, Zγ which
will be calculated in details below. In addition, if mh03 < mh/2 the decay h → h03h03 will
appear and it should satisfy the invisible decay constraint of SM-like Higgs boson, like a
recent study on the inert two Higgs doublet model [57]. In contrast, if mh03 > 2mh and if it is
lighter than all other exotic particles predicted by the 331β model, only the tree level decay
h03 → hh appears, then its total decay width must satisfy the condition Γh03 < 1.3×2pi×10−42
GeV [58–60]. Unfortunately, there still exist loop-induced decays such as h03 → gg, γγ, Zγ
which predict large total decay width of the h03, as we will show below. Hence h
0
3 can not be
a dark matter candidate. Anyway, DM candidates as scalar 3-3-1 Higgs bosons were pointed
out previously [61–63].
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The couplings of neutral heavy Higgs bosons h02,3 to fermions are
Yh02ffL,R =

mf
v
(
cδ
t12
+ sδ
)
, f = ea, ui, d3
mf
v
(−cδt12 + sδ) , f = u3, di
0, f = Ea, Ja.
, Yh03ffL,R =
0 f = ea, ua, damf
v3
f = Ea, Ja
. (52)
One interesting point is that h03 couple to only exotic fermions, similar to the heavy neutral
Higgs appeared in a SU(2)1 × SU(2)2 × U(1)Y model [64], where the partial decay width
h03 → gg is [54, 65],
Γ(h03 → gg) '
α2sm
3
h03
32pi3v23
∣∣∣∣∣
3∑
a=1
ta [1 + (1− ta)f(ta)]
∣∣∣∣∣
2
, (53)
where ta ≡ 4m2Ja/m2h03 ,
f(x) =
arcsin
2 1√
x
, x ≥ 1
−1
4
[
ln 1+
√
1−x
1−√1−x − ipi
]2
, x < 1.
(54)
In the limit ta  1 ∀a = 1, 2, 3, Eq. (53) can be estimated as [64]
Γ(h03 → gg) '
α2sm
3
h03
8pi3v23
. (55)
Furthermore, the production cross-section of this Higgs boson through the gluon-gluon fusion
can be estimated from the two gluon decay channel [64].
The partial width of the tree level decay h03 → hh when mh03 > 2mh is [1]
Γ(h03 → hh) =
|λh03hh|2
8pimh03
√
1− 4m
2
h
m2
h03
=
λ213s
4
δv
2
3
8pi c412mh03
√
1− 4m
2
h
m2
h03
, (56)
where λ13 was given in Eq. (34).
The total decay width of the h03 is then
Γh03 = Γ(h
0
3 → hh) + Γ(h03 → gg) + Γ(h03 → γγ) + Γ(h03 → Zγ). (57)
The last two decays are calculated as follows,
Γ(h03 → Zγ) =
m3
h03
32pi
(
1− m
2
Z
m2
h03
)3
|F21(h03 → Zγ)|2, (58)
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Γ(h03 → γγ) =
m3
h03
64pi
× |F 331γγ (h03 → γγ)|2, (59)
where
F 33121 (h
0
3 → Zγ) =
∑
F=Ea,Ja
F 33121,F (h
0
3 → Zγ) +
∑
s
F 33121,s(h
0
3 → Zγ) +
∑
v=Y,V
F 33121,v(h
0
3 → Zγ)
+
∑
{s,v}
[
F 33121,vss(h
0
3 → Zγ) + F 33121,svv(h03 → Zγ)
]
, (60)
F 331γγ (h
0
3 → γγ) =
∑
F=Ea,Ja
F 331γγ,F (h
0
3 → Zγ) +
∑
s
F 331γγ,s(h
0
3 → Zγ) +
∑
v=Y,V
F 331γγ,v(h
0
3 → Zγ),
where s = H±, H±,A, H±,B, v = Y ±,A, V ±,B, and {s, v} = {H±,A, Y ±,A}, {H±,B, V ±,B}.
IV. NUMERICAL DISCUSSIONS
A. Significance of the SM-like Higgs decay h → Zγ under recent constrains of
parameters and the decay h→ γγ
In this section, many well-known quantities are fixed from experiments [55], namely the
SM-like Higgs masses mh = 125.09 GeV, the boson masses mW , mZ , masses of well-known
fermions, the vev v ' 246 GeV, the SU(2)L coupling g ' 0.651, αem = 1/137, e =
√
4piαem,
s2W = 0.231.
The unknown independent parameters used as inputs are β, t12, SU(3)L scale v3 , the
neutral Higgs mixing sd, the heavy neutral masses mh02 , mh03 , triple Higgs self coupling
including λ1, λ˜12, λ˜13, λ˜23, and the exotic fermion masses mEa , mJa .
To express the differences from the SM, we define a quantity δµX (X = γγ, Zγ) as follows
δµX ≡ (µX − 1)× 100%. (61)
We also introduce a new quantity RZγ/γγ ≡ |δµZγ/δµγγ| to investigate the relative difference
between the two signal strengths, which have many similar properties. The recent allowed
values relating with the two photon decay is −15% ≤ δµγγ ≤ 13%, corresponding to the
recent experimental constraint µγγ = 0.99 ± 0.14 [4]. The future sensitivities obtained by
experiments we accept here are µγγ = 1± 0.04 and µZγ = 1± 0.23 [9], i.e. |δµγγ| ≤ 4% and
|δµZγ| ≤ 23%, respectively.
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The SU(3)L scale depends strongly on the heavy neutral gauge boson mass mZ′ , which
the lower bound is constrained from experimental searches for decays to pairs of SM leptons
Z ′ → `¯`, particular reports for 3-3-1 models, see [66] where decays to exotic lepton pairs
are included. Accordingly, at LHC@14TeV, mZ′ < 4 TeV is excluded at the intergrated
luminosity of 23 fb−1 for β = −1/√3. Because v3 ∼ O(1) TeV, the mZ′ is approximately
m2Z′ =
g2v23c
2
W
3[1−(1+β2)s2W ]
. Recent works used mZ′ ≥ 4 TeV for models with β = −1/
√
3 [67,
68], based on the latest LHC search [69–71]. This lower bound of mZ′ corresponds to
lower bounds of v3 ≥ 10.6, 10.1, 8.2, 3.3 TeV corresponding to β = 0,±1/
√
3,±2/√3,±√3.
Recent discussion on 3-3-1 models with heavy right-handed neutrinos where β = −1/√3 and
mZ′ = 3 TeV is allowed [72, 73] because the decay of Z
′ into a pair of light exotic neutrinos
is included. The respective lower bound of the SU(3)L scale is v3 ≥ 7.6 TeV, which is still
the same mentioned bounds. On the other hand, a model with β =
√
3 still allows rather
low SU(3)L scale, for example mZ′ ' 3.25 TeV, corresponding to v3 ' 2.7 TeV [74].
In investigating the h03 decays, we can put mEa = mJa = mF . There is a more general case
that the mixing between different exotic leptons appear, then the loop with two distinguished
fermions will contribute to the h03 → Zγ decay amplitude only.
The perturbative limits require that the absolute values of all Yukawa and Higgs self
couplings should be less than
√
4pi and 4pi, respectively. This leads to the constraint of the
t12 from the Yukawa coupling of the top quark in Eq. (9), namely t12 <
√
2piv/mt ' 3.5.
Other studies on the 2HDM suggests that t12 > 1/60 [9]. We will limit that 0.1 ≤ t12 ≤ 3,
which is consistent with ref. [1] and allow large |sθ| ≥ 5× 10−3.
Considering mh02 ,mA,mH± , t12 and sδ as parameters of a 2HDM model mentioned in
ref. [11], important constraints can be found as cδ > 0.99 for all 2HDMs, leading to rather
large range of |sδ| < 0.14. But large sδ prefer that t12 is around 1 [76]. The recent global
fit for 2HDM give the same result [77]. Lower masses of heavy Higgs bosons are around
1 TeV. As we will show, the recent signal strength of the SM-like Higgs decay h → γγ
gives more strict constraint on sθ, hence we focus on the interesting range |sθ| ≤ 0.05.
The parameters relating with 2HDM λ2 and λ12 affect strongly on mh02 . Large |sθ| results
in small allowed values of mh02 in order to keep λ12 satisfying the perturbative limit. In
contrast, all other quantities relating with the SU(3)L symmetry are well allowed. The
regions of parameter space chosen here are consistent with the recent works on 2HDM [78–
80]. The recent experimental searches for Higgs bosons predicted by 2HDM have been paid
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much attentions [81]. The value of 300 GeV for lower bounds of charged and CP-even neutral
Higgs bosons are accepted in recent studies on 2HDM [80]. Following that, values of mh02
and mH± are always chosen to satisfy that mh02 ,mh02 ≥ 300 GeV.
The default values of unknown independent parameters we choose here are β = 1/
√
3,
sδ = 0.01, λ1 = 1, t12 = 0.8, λ˜12 = λ˜13 = λ˜23 = 0.1, mh02 = 1.2 TeV, mh03 = 1 TeV,
v3 = 14 TeV, mEa = mJa = 1.5 TeV. Depending on the particular discussions, changing any
numerical values will be noted.
We will also consider the case of light charged Higgs masses, which loop contributions to
the decay h→ γγ, Zγ may be large. Accordingly, the Higgs self couplings λ˜ij relating with
charged Higgs masses in Eqs. (22), (23) and (24), should be negative. Our investigation
suggests that |λ˜13,23| ≤ O(10−3) while |λ˜12| can be reach order 1. We will consider more
detailed in particular numerical investigations.
Strict constraints of the Higgs-self couplings for a 3-3-1 model with right handed neutrino
were discussed in ref. [51], where the Higgs potential is forced to satisfy the vacuum stability
condition. Accordingly, interesting results can be applied to the 3-3-1 models with arbitrary
β, namely
λi > 0, fij ≡ λij + 2
√
λiλj > 0, f˜ij ≡ λij + λ˜ij + 2
√
λiλj > 0, (62)
with i, j = 1, 2, 3 and i < j. Note that the constraints on the Higgs self-
couplings λ1,2,12 correspond to the particular cases of the 2HDM [11, 55, 75]. Because(
t12 + t
−1
12 + c12(v/v3)
2
)
fv3 ∼ m2A being the squared mass of the CP-odd neutral Higgs bo-
son, the requirement m2A > 0 shows f > 0 [1, 82]. The other conditions guarantee that
all squared Higgs masses must be positive and SM-like Higgs mass is identified with the
experimental value. It can be seen in Eqs. (22)-(24) that all charged Higgs squared masses
are always positive if all λ˜ij > 0, but their values seem very large. More interesting cases
correspond to the existence of light charged Higgs bosons, which may contribute significant
contributions to loop-induced decays of the SM-like Higgs bosons. Based on eq. (26), a
first estimation suggests that f has the same order with SU(3)L scale v3, leading to the
requirement that λ˜12,13,23 < 0 for the existence of light charged Higgs bosons. Furthermore,
the relation (34) results in a consequence that λ13 will be small for the case of our interest
with large v3 ≥ 3 TeV and small mh02 around 1 TeV. In this case f is also small, as we realize
in the numerical investigation as well as it has been shown recently [85]. Taking this into
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account to the charged Higgs masses in Eqs.(23) and (24) we derive that the absolute values
of negative values of λ˜13,23 seems very small. In contrast, the appearance of a light charged
Higgs H± allows negative λ˜12 and rather large |λ˜12| that satisfy the inequality f˜12 > 0 given
in (62). We will consider the two separate cases: λ˜ij ≥ 0 with all i > j, i, j = 1, 2, 3; and
λ˜12 < 0. The values of λ13,23 are always chosen to get large absolute values of F
331
21,s, and/or
F 33121,sv ≡ F 33121,svv + F 33121,vss.
1. Case 1: λ˜12 ≥ 0
First, we focus on the 2HDM parameters. Figures 2 and 3 illustrate numerically Higgs-
self couplings and fij as functions of mh02 , and other independent parameters are fixed as
t12 = 0.8 and changing sδ = ±10−2,±5× 10−2, which are significantly large. For sδ > 0, the
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FIG. 2: fij and Higgs self couplings as functions of mh02 with sδ > 0 and t12 = 0.8.
t12 is chosen large enough to satisfy f12 > 0 and mh02 > 1 TeV. The parameters λ˜12 ≥ 0 and
negative λ˜13,23 → 0 do not affect the quantities investigated in this figure. We conclude that
the vacuum stability requirement f12 > 0 gives strong upper bound on mh02 , where larger sδ
give small allowed mh02 .
Figure 3 illustrates allowed regions for sδ < 0, where we choose t12 = 0.1, enough small
to allow λ2 > 0 and mh02 > 1 TeV. Again we derive that larger |sδ| gives smaller upper bound
of mh02 .
In general, our scan shows that allowed t12 and sθ are affected the most strongly by mh02 .
As illustration, the figure 4 presents allowed regions of t12 and sθ with two fixed mh02 = 1
TeV and 2.5 TeV. It can be seen that larger mh02 results in smaller allowed |sθ|. The dashed
black curves presenting constant values of f12 will be helpful for the discussion on the case
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FIG. 3: fij and Higgs self couplings as functions of mh02 with sδ < 0 and t12 = 0.1.
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FIG. 4: Contour plots of λ2, f , |λ12| and f12 as functions of sθ and t12. The green, blue, orange,
magenta regions are excluded by requirements that 0 < λ2 < 10, f > 0, |λ12| < 10, and f12 > 0,
respectively. Dashed-black curves present constant values of f12.
of λ˜12 < 0. This is because the constraint from f˜12 > 0 will be more strict than that from
f12 > 0 when λ˜12 < 0, namely it will be equivalent to f12 > |λ˜12|. Hence f12 plays role as
the upper bound of |λ˜12|.
The allowed regions also depend on λ1, see contour plots in figure 5 corresponding to
λ1 = 0.5, 5. It can be seen that λ1 should be large enough to allow large |sθ|, see illustrations
in fig. 12 for λ1 = 0.1, 10 in appendix C.
In the case of large |sθ| = 0.02, the allowed values λ1 and t12 are shown in figure 6. It
can be seen that only negative sθ allows large f12. The case of larger |sθ| = 0.05 is shown in
fig. 13 of the appendix C. We can choose mh02 = 1.2 TeV so that |sθ| = 0.05 is still allowed.
Both large |sδ| and mh02 give narrow allowed regions of t12 and λ1, and small f12. For small
|sδ| < 10−2, the allowed values of mh02 and t12 will relax. But it will not result in much
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deviation from the SM prediction.
The left panel of Figure 7 illustrates the contour plots with fixed β = −1/√3 for allowed
values of δµZγ corresponding to the none-color regions that satisfy the constraints of param-
eters and the recent experimental bound on δµγγ. The right panel of Figure 7 shows the
contour plots of RZγ/γγ, where the non color region satisfies RZγ/γγ ≥ 2. In this region, we
can see that |sδ| ∼ O(10−3) and negative. Hence, the current constraints µγγ = 0.99± 0.14
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predicts |δµZγ| < 0.15 which is still smaller than the future sensitivity δµZγ = ±0.23 men-
tioned in ref. [9]. In addition, most of the allowed regions satisfy 0.8 ≤ RZγ/γγ ≤ 2, hence
the approximation Br(h→ γγ) ' Br(h→ Zγ) is accepted for simplicity in previous works.
For large v3 = 14 TeV and recent uncertainty of the δµγγ, our investigation shows gener-
ally that the above discussions on the allowed regions as well as RZγ/γγ illustrated in figure 7
depend weakly on β. The results are also unchanged for lower bound of v3 = 8 TeV which is
allowed for β = ±2/√3. This property can be explained by the fact that, large v3 ' 10 TeV
results in heavy charged gauge bosons mY ,mV having masses around 4 TeV, and the charged
Higgs masses not less than 1 TeV. As a by product, one loop contributions from SU(3)L
particles to F 33121 and F
331
γγ are at least four orders smaller than the corresponding SM ampli-
tudes F SM21,γγ, illustrations are given in table VIII. Here we use the SM amplitudes predicted
by the SM, namely Re[F SM21 ] = −5.6× 10−5 [GeV−1] and Re[F SMγγ ] = −3.09× 10−5 [GeV−1],
and ignore the tiny imagine parts. We can see that both δZγ and δγγ depend strongly on
sδ and t12. In contrast, the one-loop contributions from new particles are suppressed, as
shown in the last line in table VIII: suppressed sδ results in |δµZγ| ' 4|δµγγ| = 0.8  4,
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β sδ t12
F 33121,s
Re[FSM21 ]
F 33121,v
Re[FSM21 ]
F 33121,sv
Re[FSM21 ]
F 331γγ,s
Re[FSMγγ ]
F 331γγ,v
Re[FSMγγ ]
δµZγ δµγγ
2√
3
2× 10−2 1.5 −3.3× 10−4 3× 10−5 −1.6× 10−4 −6× 10−4 5.5× 10−4 4.4 6.5
2√
3
−2× 10−2 1.5 ∼ 10−6 3× 10−5 −1.5× 10−4 ∼ 10−6 5.3× 10−4 −5.4 −6
2√
3
2× 10−2 0.5 1.3× 10−4 −9× 10−5 −5× 10−5 2.3× 10−4 2.2× 10−4 6.8 8.1
2√
3
−2× 10−2 0.5 −4.2× 10−4 −9× 10−5 −4× 10−5 −7.5× 10−4 2.1× 10−4 −7.5 −7.4
2√
3
−10−3 1.5 −1.6× 10−4 3× 10−5 −1.6× 10−4 −2.9× 10−4 5.4× 10−4 −0.8 −0.2
TABLE VIII: Numerical contributions of SU(3)L particles to F
331
21 and F
331
γγ , see Eqs. (42) and
(44), where F 33121,sv ≡ F 33121,svv + F 33121,vss.
which is even much smaller than the expected sensitivity of δµγγ = 4. Anyway, it can be
noted that F 33121,sv may significantly larger than F
331
21,v, hence both of them should be included
simultaneously into the decay amplitude h → Zγ in general. Suppressed contributions of
new particles to δµZγ, are shown explicitly in the left panel of figure 7, where three lines of
sδ = δZγ = δγγ = 0 are very close together.
For large and positive λ˜12 and small mh02 , one loop contributions from H
± to F 33121 and
F 331γγ are dominant but still not large enough to give significant deviations to δµZγ, see
illustration with suppressed sδ = 10
−3 in the first line of table IX. Here we always force
β sδ t12
F 33121,s
Re[FSM21 ]
F 33121,v
Re[FSM21 ]
F 33121,sv
Re[FSM21 ]
F 331γγ,s
Re[FSMγγ ]
F 331γγ,v
Re[FSMγγ ]
δµZγ δµγγ
2√
3
10−3 1.7 −1.46× 10−2 4× 10−5 −1.7× 10−4 −2.64× 10−2 5.7× 10−4 −3.1 −4.7
2√
3
−10−3 1.7 −1.44× 10−2 4× 10−5 −1.7× 10−4 −2.61× 10−2 5.7× 10−4 −3.6 −5.3
2√
3
3× 10−2 1.5 −1.24× 10−2 3× 10−5 −1.6× 10−4 −2.23× 10−2 5.5× 10−4 4.4 5.2
2√
3
−3× 10−2 1.5 −9.6× 10−3 3× 10−5 −1.5× 10−4 −1.75× 10−3 5.3× 10−4 −9.6 −12.3
TABLE IX: Numerical contributions of SU(3)L particles to F
331
21 and F
331
γγ for large λ˜12 = 5 and
small mh02 = 600 GeV.
|δµγγ| ≤ 4% being the future sensitive of µγγ. On the other hand, large deviations can result
from large |sδ|. In this case, all δZγ,γγ and sδ have the same signs.
Regarding β =
√
3 corresponding to the model discussed in ref. [74], where v3 = 3 TeV
is still accepted, the allowed regions changes significantly, as illustrated in figure 8. In
particularly, the model gives more strict positive sδ < 0.03. one-loop contributions from
SU(3)L particles can give deviations up to few percent for both δµZγ, δµγγ. This property
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is shown in the left panel of figure 8 that the two contours δZγ = δγγ = 0 distinguish with
the line sδ = 0. Interesting numerical values are illustrated in table X. We emphasize two
β sδ t12
F 33121,s
Re[FSM21 ]
F 33121,v
Re[FSM21 ]
F 33121,sv
Re[FSM21 ]
F 331γγ,s
Re[FSMγγ ]
F 331γγ,v
Re[FSMγγ ]
δµZγ δµγγ
√
3 10−3 1.5 −1.8× 10−4 −1.6× 10−3 −4× 10−3 −3.2× 10−4 2.2× 10−2 −1.6 4.8
√
3 −10−3 1.5 −1.6× 10−4 −1.7× 10−3 −4× 10−3 −2.9× 10−4 2.2× 10−2 −2 4.2
TABLE X: For model in ref. [74], numerical contributions of SU(3)L particles to F
331
21 and F
331
γγ .
Notations are given from caption of table VIII.
important properties. First, one loop contributions from gauge SU(3)L bosons are dominant,
which can give δµγγ to reach the future sensitivity. Values of F
331
21,v and F
331
21,v can have the
same order of 10−3 compared with the SM part, but these contributions are not large enough
to result in large deviation of |δµZγ| > 23%.
To finish the case of λij > 0 we mentioned above, we see that in this case all of the
charged Higgs boson masses are order of O(1)TeV and small couplings with h01. For large
λ1, λ12 and small mh02 = 800 GeV, there may give small δµγγ but large δµZγ, see examples
28
in table XI. We will show here an interesting point that with the existence of new Higgs and
λ1 λ˜12 sδ t12
F 33121,s
Re[FSM21 ]
F 33121,v
Re[FSM21 ]
F 33121,sv
Re[FSM21 ]
F 331γγ,s
Re[FSMγγ ]
F 331γγ,v
Re[FSMγγ ]
δµZγ δµγγ
1.95 8 10−3 1.5 −1.22× 10−2 −1.7× 10−3 −4.4× 10−3 −2.21× 10−2 2.2× 10−2 −4. 0.4
1.95 8 −10−3 1.5 −1.21× 10−2 −1.7× 10−3 −4.4× 10−3 −2.19× 10−2 2.2× 10−2 −4.5 −0.17
1. 5 −2× 10−2 1.95 −1.6× 10−3 −9.7× 10−4 −5× 10−3 −1.2× 10−2 2.4× 10−2 −7.7 −4
TABLE XI: For model in ref. [74], numerical contributions of SU(3)L particles to F
331
21 and F
331
γγ
with mh02 = 800 GeV. Notations are given from caption of table VIII.
gauge bosons, their contributions F 331γγ,s and F
331
γγ,v to the decay amplitude h
0
1 → γγ can be
destructive, hence keep the respective signal strength satisfying the experimental constraint.
Simultaneously, all of the contribution to the decay amplitude h01 → Zγ are constructive so
that the deviation can be large. For the model with β =
√
3 and v3 = 3 TeV, we can find
this deviation can reach around −10, but this values is still far from the expected sensitive
δµZγ = ±23% in the HL-LHC project. For the models with v3 ≥ 8 TeV, gauge contributions
are suppressed, hence large contribution from charged Higgs bosons is dominant. Then, the
constraint from δµγγ will give more strict constraint on δµZγ.
2. Case 2: λ˜12 < 0.
As we can see in eq. (22), negative λ˜12 may result in small charged Higgs mass H
±.
In addition, large |λ˜12| may give large coupling of this Higgs boson with the SM-like one,
leading to large |F 33121,s| and |F 331γγ,s|. We will focus on this interesting case.
One of the conditions given in (62), namely f˜12 > 0, which is satisfied automatically if
f12 > 0 and λ˜12 ≥ 0. In the case of λ˜12 < 0, the inequality f˜12 > 0 is equivalent to the more
strict condition f12 > |λ˜12| > 0 or −f12 < λ˜12 < 0. This helps us determine the allowed
regions with large |λ˜12|, which give large one-loop contributions of charged Higgs boson H±
to the two decay amplitudes h → Zγ, γγ. Based on the fact that allowed regions with
large positive f12 will allow large λ˜12, two figures 4 and 5 show that large λ˜12 corresponds
to regions having negative sδ and small t12. Small sθ allows small |λ˜12|. The figure 6 shows
that values of λ1 seems not affect allowed λ˜12 in the regions of negative sδ. For large v3, large
|λ˜12| in this case does not affect significantly on both δµZγ,γγ see illustration in table XII.
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Hence, the case of negative λ˜12 may results in light charged Higgs boson H
±, but it not
β mh02 [TeV] sδ
F 33121,s
FSM21
F 33121,v
FSM21
F 33121,sv
FSM21
F 331γγ,s
FSMγγ
F 331γγ,v
FSMγγ
δµZγ δµγγ
2√
3
1 −10−3 3.4× 10−4 −1.4× 10−4 ' 0 6.1× 10−3 9× 10−5 −1.8 −1.2
2√
3
0.6 −10−3 1.2× 10−3 −1.4× 10−4 ' 0 −2.1× 10−3 9× 10−5 −1.7 −0.9
2√
3
1 −2× 10−2 −1.4× 10−3 −1.4× 10−4 ' 0 −2.6× 10−3 9× 10−5 −23.9 −23.9
2√
3
0.6 −2× 10−2 6.6× 10−4 −1.2× 10−3 ' 0 −1.2× 10−3 9× 10−5 −23.7 −23.6
TABLE XII: Numerical contributions of SU(3)L particles to F
331
21 and F
331
γγ . Numerical fixed values
of unknown parameters are: β = 2/
√
3, t12 = 0.1, λ˜12 = −1.
supports large one-loop contributions from charged Higgs mediation to decay amplitudes
h→ Zγ, γγ.
Regarding the model with β =
√
3 discussed in ref. [74], the main difference is the small
v3 = 3 TeV, leading to a significant of heavy gauge bosons to one-loop contribution of loop
induced decays |F 33121,v/F SM21 |, |F 33121,sv/F SM21 |, |F 33121,s/F SM21 |, |F 331γγ,v/F SMγγ |, |F 331γγ,v/F SMγγ | ∼ O(10−2).
But with λ˜12 < 0, constructive contributions appear in the decay amplitude h→ γγ, while
destructive contributions appear in the decay amplitude h → Zγ. Hence, the constraint
from experimental data of the decay h→ γγ predicts smaller deviation of the µZγ that that
corresponding to λ˜12 > 0.
To finish, from above discussion we emphasize that in other gauge extensions from the
SM such as the SU(2)1⊗SU(2)2⊗U(1)Y models, which still allow low values of new gauge
and charged Higgs bosons masses [64, 88–91], the contributions like F12,sv may be as large
as usual ones, hence it should be included in the decay amplitude h → Zγ. In addition,
these models may predict large δµZγ which also satisfy |δµγγ| ≤ 0.04. This interesting topic
deserves to be paid attention more detailed.
B. h03 decays as a significance of 3-3-1 models
Different contributions to loop-induced decays h03 → γγ, Zγ with small sθ = 10−3, mh03 =
700 GeV, t12 = 0.8 are illustrated in figure 9, where the ratios |F21,x(h03 → Zγ)|/|F21(h03 →
Zγ)| and |Fγγ,x(h03 → Zγ)|/|Fγγ(h03 → Zγ)| are presented, x = f, s, v, sv. In addition,
our scan shows that the curves in the figure 9 do not sensitive with the changes of sδ. We
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FIG. 9: Different contributions to loop-induced decays h03 → γγ, Zγ as functions of β.
can conclude that contributions from heavy exotic fermions are alway dominant for large β.
While F21, sv is suppressed. For the decay h03 → γγ, the destructive correlation between
Fγγ,v and Fγγ,f happens with small |β|. This results in two peaks in the figure, where
|Fγγ|  |Fγγ,f |, |Fγγ,v|.
Individual branching ratios of h03 are shown in figure 10. The most interesting property
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FIG. 10: Branhching ratios of the h03 decays as functions of β.
is that, the Br(h03 → γγ) may have large values and it is very sensitive with the change of β.
Hence this decay is a promising channel to fix the β value once h03 exists. On the other hand,
Br(h03 → hh) is sensitive with sδ: it increases significantly with large sδ, but the values is
always small Br(h03 → hh) < 1%.
For mF > mh03 the total decay width of the h
0
3 gets mainly contribution from gluon decay
channel, hence it is sensitive with only mh03 and v3, as given in Eq. (55). It is a bit sensitive
with β, see illustrations in figure 11.
31
mF=2m
h
3
0
mF=1.5 m
h
3
0
mF=m
h
3
0
mF=0.5m
h
3
0
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
5.×10-4
0.001
0.005
β
Γ h
30
[G
e
V
]
m
h
3
0 =1 TeV
mF=2m
h
3
0
mF=1.5 m
h
3
0
mF=m
h
3
0
mF=0.5m
h
3
0
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
1.×10-4
2.×10-4
5.×10-4
0.001
0.002
0.005
β
Γ h
30
[G
e
V
]
m
h
3
0 =0.8 TeV
FIG. 11: Total decay width of h03 as functions of β, where decays to exotic particle pairs do not
included.
V. CONCLUSIONS
Significance of new physics predicted by the 3-3-1 models from the loop-induced neutral
Higgs decays h, h03 → γγ, Zγ have been discussed. For the general case with arbitrary β, we
have derived that these decays of the SM-like Higgs boson do not depend on the β, i.e., they
cannot be used to distinguish different models corresponding to particular β values. This is
because of the very large v3 with values of around 10 TeV, leading to the suppressed one-loop
contributions from heavy gauge and charged Higgs bosons, except the H±, which are also
predicted by the 2HDM and do not depend on β. Hence, the large deviations δµZγ,γγ will
be originate from the one-loop contribution of the H± and large |sδ|. In the region resulting
in large δµZγ, the recent constrain on the significance of the di-photon decay always gives
strict upper bound on that of the h→ Zγ decay. In particular, our numerical investigation
predicts |δµZγ| ≤ |δµγγ| < 0.23, which is the sensitivity given in HC-HL project.
On the other hand, in a model with β =
√
3, where v3 ' 3 TeV is still valid [74], δµZγ may
be large in the allowed region µγγ = 0.99± 0.14. For the near future HC-HL project, where
the experimental sensitivity for the decay h → γγ may reach |δµγγ| = 0.4, this model still
allows |δµZγ| to be close to 0.1. But it cannot reach the near future sensitivity |δµZγ| = 0.23.
Theoretically, we have found two very interesting properties. First, F 33121,sv may have order
of F 33121,v in allowed regions of the parameter space. This happens also in the 3-3-1 model
with β =
√
3, where loop contribution from gauge and Higgs bosons may be large and have
the same order. Hence, F 33121,sv must not be ignored as treatment for simplicity in previous
works [34, 35]. Second, in the model with β =
√
3, one-loop contributions from gauge bosons
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can reach the order of charged Higgs contributions, leading to that there appear regions that
different contributions to the amplitude h→ γγ are destructive, while they are constructive
in contributing to the decay amplitude h→ Zγ. This suggests that there may exist recent
gauge extensions of the SM that allow large δµZγ while still satisfy the future experimental
data including δµγγ ≤ 0.04.
On the other hand, the h03 being the Higgs boson predicted by the SU(3)L symmetry, not
appear in the effective 2HDM. This Higgs boson couples to only SM-like Higgs through the
Higgs self couplings, while decoulpes to the remaining among the SM like particles . If h03 is
the lightest among new particles, loop-induced decays h03 → γγ, Zγ, gg are still allowed. Our
investigation shows that the Br(h → γγ) is very sensitive with the parameter β, hence it
is a promising channel to distinguish different 3-3-1 models. Because of the strong Yukawa
couplings with new heavy fermions, h03 can be produced through the gluon fusion in the
future project HL-LHC.
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Appendix A: Heay neutral Higgs couplings
From the Higgs potential and the aligned limit (26), the triple Higgs couplings containing
one heavy neutral Higgs bosons are listed in table XIII. We only mention to the couplings
relating with discussion on the decays h03 → γγ, Zγ.
The non-zero couplings of heavy neutral Higgs bosons gauge bosons are listed in ta-
ble XIV.
The couplings of Z to two exotic fermions are given in table XVI.
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Vertex Coupling: −iλSiSjSk
h02H
+H− −i
[
2s12c
2
12 (sαλ1 + cαt12λ2) + (s
3
12sα + c
3
12cα)λ12 + sδλ˜12
]
v
h02H
AH−A −i
[(
2s12sαλ1 + cαc12(λ12 + t
2
13λ23)
)
+
(
2cαt12 + sαt
2
13
)
s12λ13 + s12sαλ˜13
]
c213v
h02H
BH−B −i
[(
s12sαλ12 + cαc12(2λ2 + t
2
23λ23)
)
+ (1 + c223)sαs12λ13 + c12cαλ˜23
]
c223v
h03H
+H− −i [(1 + s212)λ13 + s212λ23] v3
h03H
AH−A −i
[
2s213λ3 + c
2
13λ13 + λ˜13
]
v3
h03H
BH−B −i
[
2s223λ3 + c
2
23λ23 + λ˜23
]
v3
h3 −i [2c3αs12λ1 − 2s3αc12λ2 + sαcα (sαs12 − cαc12)λ12] 3v
h2h03
−iλ13s2δv3
c212
hh02h
0
3 i
λ13sδcδv3
c212
hh03h
0
3 −i
[
2cδs12 − sδc12(t212 − 1)
]
s12λ13v
h02h
0
3h
0
3 −i
[
2sδs12 + cδc12
(
t212 − 1
)]
s12λ13v
h03h
0
3h
0
3 −6iλ3v3
TABLE XIII: Triple Higgs couplings not included the CP-odd ones
Vertex Coupling Vertex Coupling
gh02W+W− gmW sδ
gh02Y +AY −A gmW s12sα gh03Y +AY −A
g2v3
2
gh02V +BV −B gmW c12cα gh03V +BV −B
g2v3
2
gh02HW
g cδ
2 gh03HW 0
gh02H−AY A −
g c13sα
2 gh03H−AY A
g s13
2
gh02H−BY B −
g c23cα
2 gh03H−BY B
g s23
2
TABLE XIV: Heavy neutral Higgs boson couplings to charged Higgs and gauge bosons.
Appendix B: Form factors to one-loop amplitudes of the neutral Higgs decays
h, h03 → Zγ.γγ
In the 331β model, the explicit analytic formulas of one-loop contributions to the an-
plitudes of the decay h → γγ, Zγ will be presented in terms of the Passarino-Veltmann
(PV) functions [83], namely the one-loop three point PV functions denoted as Ci and Cij
with i, j = 0, 1, 2. The particular forms for one-loop contributions to the decay amplitudes
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Vertex coupling gh0iZZ
h01ZZ
gmW
c2W
[
cδ
(
1 +
2
√
3sθcθcW (1−2s212−
√
3t2W β)
3
√
1−β2t2W
)
− 4sδcW sθcθs12c12√
3(1−β2t2W )
]
h02ZZ
gmW
c2W
[
sδ
(
1 +
2
√
3sθcθcW (1−2s212−
√
3t2W β)
3
√
1−β2t2W
)
+ 4cδcW sθcθs12c12√
3(1−β2t2W )
]
TABLE XV: h0iZZ couplings in the limit s
2
θ = 0, c
2
θ = 1.
F gFL g
F
R
Ea g
Ea
R − tθcW√3(1−β2t2W ) −
(−1+√3β)s2W
2
(
1− tθβ
cW
√
1−β2t2W
)
Ji g
Ji
R +
tθcW√
3(1−β2t2W )
(−1+3√3β)s2W
6
(
1− tθβ
cW
√
1−β2t2W
)
J3 g
J3
R − tθcW√3(1−β2t2W ) −
(1+3
√
3β)s2W
6
(
1− tθβ
cW
√
1−β2t2W
)
TABLE XVI: Couplings of Z with exotic fermions
h → Zγ, γγ were given in Ref. [45], which are consistent with the previous formulas [44].
We have used the LoopTools [84] to evaluate numerical results.
For the loop-induced decays of the heavy neutral Higgs bosons h03, the calculation is the
same way as those for the SM-like Higgs boson h. Correspondingly, the mass and couplings
of h are replaced with those relating with h03. The h
0
2 properties were discussed in ref. [1],
we do not repeat again.
The contributions from the SM fermions corresponding to the diagram 1 in Fig. 1 are
F 33121,f = −
eQf Nc
4pi2
[
mfYhf¯fL
gcθ
cW
(
gfL + g
f
R
)]
[4 (C12 + C22 + C2) + C0] , (B1)
where C0,i,ij ≡ C0,i,ij(m2Z , 0,m2h;m2f ,m2f ,m2f ); Qf Nc and mf are respectively the electric
charge, color factor and mass of the SM fermions. The factors Yhf¯fL and g
f
L,R are listed in
tables I and V, respectively.
The contributions from the charged Higgs bosons s = H±, H±A, H±B corresponding to
the diagram 2 in Fig. 1 are
F 33121,s =
eQsλhssgZss
2pi2
[C12 + C22 + C2] , (B2)
where s = H±, H±A, H±B, C0,i,ij ≡ C0,i,ij(m2Z , 0,m2h;m2s,m2s,m2s), and the couplings
λhss, gZss are listed in table I and IV.
The contributions from the diagrams containing both charged Higgs and gauge bosons
{v, s} = {W±, H±}, {Y ±A, H±A}, {V ±B, H±B} corresponding to the two diagrams 3 and 4
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in Fig. 1 are
F 33121,vss =
eQs ghvsgZvs
4pi2
[(
1 +
−m2s +m2h
m2v
)
(C12 + C22 + C2) + 2(C1 + C2 + C0)
]
, (B3)
F 33121,svv =
eQv ghvsgZvs
4pi2
[(
1 +
−m2s +m2h
m2v
)
(C12 + C22 + C2)− 2(C1 + C2)
]
, (B4)
where C0,i,ij ≡ C0,i,ij(m2Z , 0,m2h;m2V ,m2s,m2s) or C0,i,ij(m2Z , 0,m2h;m2s,m2V ,m2V ) corresponding
to Eqs. (B3) or (B4). The vertex factors are listed in table III and IV.
The contributions from the charged gauge bosons v = W±, Y ±A, V ±B corresponding to
the diagram 5 in Fig. 1 are
F 33121,v =
eQv ghvv gZvv
8pi2
×
{[
8 +
(
2 +
m2h
m2v
)(
2− m
2
Z
m2v
)]
(C12 + C22 + C2) + 2
(
4− m
2
Z
m2v
)
C0
}
, (B5)
where v = W±, Y ±A, V ±B, C0,i,ij ≡ C0,i,ij(m2Z , 0,m2h;m2v,m2v,m2v). The vertex factors are
listed in table III and VI.
For the decay h→ γγ, analytic formulas of F 331γ can be derived from the F 33121 by taking
replacements gZvv, gZss,
gcθ
cW
gfL,R → eQv, eQs, eQf and the respective PV functions, name ly:
F 331γγ,f = −
e2Q2f Nc
2pi2
(
mfYhf¯fL
)
[4 (C12 + C22 + C2) + C0] ,
F 331γγ,s =
e2Q2sλhss
2pi2
[C12 + C22 + C2] ,
F 331γγ,v =
e2Q2V ghvv
4pi2
×
{(
6 +
m2h
m2V
)
(C12 + C22 + C2) + 4C0
}
, (B6)
where C0,i,ij ≡ C0,i,ij(0, 0,m2h;m2x,m2x,m2x) with x = f, s, v corresponding to the contribution
from fermions, charged Higgs and gauge bosons.
Regarding to h03, we emphasize again that the only non-zero coupling with SM particle is
the triple couplings with two SM-like Higgs bosons. Hence the fermion contributions to the
decay amplitudes h03 → γγ.Zγ.gg are only exotic fermions F = Ea, Ja. These contributions
are denoted as F
331,h03
γγ,F , F
331,h03
21,F , F
331,h03
gg,F . They are derived base on Eq. (42) with the following
replacement,
F 33121,F (h
0
3 → Zγ) = F 33121,f (f → F, h→ h03),
F 331γγ,F (h
0
3 → Zγ) = F 331γγ,f (f → F, h→ h03). (B7)
The other contributions to the mentioned h03 decays are calculated by simple replacements
the mass and couplings of the SM-like Higgs bosons with those of the h03. We note that the
W bosons does not included in these amplitudes.
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Appendix C: More numerical illustrations discussed in section IV
Contour plots with other numerical values of.
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FIG. 12: Contour plots of λ2, |λ12| and f12 as functions of sδ and t12. The green, orange, magenta
regions are excluded by requirements that 0 < λ2 < 10, |λ12| < 10, and f12 > 0, respectively
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FIG. 13: Contour plots of λ2, |λ12| and f12 as functions of λ1 and t12 with some fixed mh02 . The
green, orange, magenta regions are excluded by requirements that 0 < λ2 < 10, |λ12| < 10, and
f12 > 0, respectively
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